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PROCESS FOR PREVErJTlNG SPITTiNG 



COOL CHAMBER UNTIL 
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PUMP DOWN FAST UNTIL 
START PRESSURE IS 
REACHED 



HOLD PRESSURE UNTIL 
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C428/G 

Title: toproved centrifiigal evaporamr 
FkW of flie mvffltiOQ 

This invention concerns centrifugal ev2QX>iatDrs and a modification diereto wbich assists in 
preventing so called "bumping" during eviration thereby to reduce the unwelcome 
effects of cross contaminatkMi whid can occur if bumping is not prevemed. 

Background 

Centrifugal concentration has been known and widely used for several decades as a means 
for drying solutions and suspensions of compounds or other solids in liquids. Liquids are 
boiled at reduced pressures at Mdiich the boiling point is low enough to |»event ibeimal 
decQDqx>sition of the solid sample. Hie creation of a sufBcient g force acting down the axis 
of die san^le tubes can prevCTt bunq>ing. Typically liquids were wat^ or one of a number 
of simple organic solvoats, and laboratory scale eqmpmenc has been available for this 
purpose for many years. It was gei^rally accq>ted diat 150 - 25Qg was sufficient 
c^itrifugal force to prev^ bumping during evapwation and equipment has ^nerally 
provided this level of centrifugal force, and has often also provided means for heating the 
walls of the evaporation chamb^ to provide die heat required to change a solvent from its 
liquid phase to its vs^ur plmse (the latent heat of evaporation). 

In the mid 1990s many pharmaceutical research laboratories started using mixtures of 
solvents, aiKi some users complained that fliey were gating sanq>le loss and cross 
contamination between test tubes during evaporatioii whm using certain solv^ nuxes, 
especially mixtures containing Dichlom^buane 0)CM) and mefhanoL Investi^iion revealed 



Oat the inside surface of vacuum chandlers in which the samples were being spun were 
often coated with solid matter and further investigation revealed Aat diis was due to 
''bunq^ing'' caused by a hiflierto imloiown effect. 

Thus with mixtures of a heavy volatile liquid such as DCM (boiling point 40^ at STP and 
density 1.22 gm/ml) and a less volatile and lig^hter liquid such as M^ianol (boiling point 
80°C and densr^ 0.8) the liquids were completely miscible and therefore of even 
conq>osition before aiq>lication of vacuum. During ev^>oration» howevor, the DCM 
con^nent was evaporated fast^ than the methanol so that the surface at which the 
evaporatioa was taking place became richer in M^hanol and duerefore lighten (less dense) 
than die original mixture. This mixture needed either a higher tenq)erature or lower 
pressure to achieve the original ev^x>ration rate and in practice a lower pressure option 
was invariably diected. The pressure tiierefore became considerably lower than that 
required to boil the original mixture in the bulk of the liquid. Hiis material was, however 
covered with a layer of less volatile m^oerial that prevented the boiling of the bulk liquid so 
that the bulk hqmd became superheated* and as is known the formation of a nucleus in a 
supoiieated liquid causes very vigorous boiling Mdiich can result in ejection of vapour and 
liquid through the n^lhanol-ncb blanket, often in such a way that it win leave the 
container tube at high ^peed. 

Bumping in these solvent mixtures can be prevei^ed by die sq>plication of a mudi hig^ g 
force in combination with a controlled ramping of the vacuum. It has been foimd that a 
force as high as 450 g is necessary. The ramping of fhe vacuum is necessary to control the 
supeifaeating of die soWenL The diaracteristics of the solvent tog^faer with its temperature 
dictate the critical pressure widiin the chamber. The critical pressure is die mimmiim 
pressure at whidi the higher g force must be achieved and at which the controlled ramping 
of pressure must start (i.e. the start pressure). Hie start pressure is thwefore defined by the 
tenq)arature and physical properties of the most volatile component of the solvent mixture. 

If a centrifugal evs^rator is in operation under conditions where the rotor has been 
spinnmg for a few minutes yet the pressure within the chamber and the temperamre of the 



sQlvem are mainmiiyd such tbai the solvent is not boiling* tibe tm^erature of die solvrat 
can be assumed to be dose to tbe mean temperatuie of the evsqxiiation chamber itsdf. 
Mea^iring the diamba tenopecatore imd^ diese conditions wiH give a good indication of 
the ten^ecature condition of the solvit. This statement is true because with atnK>9herk 
pressure widiin die chamber tc^g^ier widi good mixing of tibe air due to the spinning of the 
rotor, die la^ of teat transfa b^ween die chamber walls and die sanq)le holders is high, 
hi addidcHi, it is in goteral a requirement of die design of sample holders for use widiin 
modem caatriftigal evaporators tiiat there is an efficient transfer of heat between die 
sample holders ami the solvent. 

The most volatile solvit in commcm usage within centrifugal evaporation systems is 
Dichlomediane (DCM). whose boiling pomt is 4(rc at STP, If mamtamed at 20°C, DCM 
wffl Stan to boil at approximately 450 mbar. If maintained at 35X1, DCM wiU boil at 
approximately 850 mbar. Clearly from diese figuies, the "start pres^ue" is highly 
sensitive to die solvent teoqimture, whicdi in turn can be derived from^ and is affected by, 
the diamber tenq)erature. 

One possible sohxtion would be to design a c^itriiugal evaporator so that ihe **start 
pressure** is atmosph^c pressure. However diis would necessitate a motor ami drive train 
cq^aUe of maintainin g a rotor ^peed givmg a 450 g acceleration m aur at atmospheric 
pressure within die chamber. The pressure ran^ would be designed to ramp frrai 
atmo^beric pressure at a rate of ranq) dbosen to prevent excessive siqjerheating of the 
most volatile componooit of the solv^ mixture. This approach generates a number of 
problons: 1) a very powerful motor and drive train would be required to generate a 450 g 
acceleration if the chamber pressure is at atmoq[>heric rather than at 500 mbar. Typically 
the rmor/chamb^ combination woidd require a drive train capable of producing more dian 
twice the torque than would be required at 500 mbar. 2) The air resistance generated at 
atmospheric pressure relative to that generated at 500 mbar will generate significant and 
unwanted heating of the solvent. This may necessitato cooling of tte dhamb» as is 
common practk:e with laboratory centrifuges. 3) Ranqiing pressure from atmosphere 
requires approjumately twice as long as conq>ared to raniping from a pressure of 500 
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inbar. This can be veiy significaxxL A typical ramp rate is 11 mbar per minute so a ramp 
from atmo^taeric pressure would take approximately one and a half Imhuts to complete. 

5giinimary nf the inventinn 

According to die present invention in a method of controlling a centrifugal ev24K>rat0r to 
prevent lnmq>ing and therefore cross contamination, by u^ng a combinadon of higher 
acceloations and ccmtroUed ranq>ing of pressure, tenq»ature wifliin the cimsabcx is sensed 
and a warning signal is generated if the sosed ten^iaature is greater than a stored 
temperature value associated with the most volatile solvent component present in the 
chamber. 

Where the rotor drive train is sized to achieve a rotor speed equivalent to 450 g at a 
dbamber pressure of ^proximately half an atmosphere^ a suitable pressure ranq> is om in 
whidi die start pressure is not less flian the saturated vapour pressure of die mc^ volatile 
conqxmait of the solvent mixture. The temqperature signal derived from the evaporating 
chamber can be used in a vari^ of ways. 

Hie warning signal may simply provide a warning to an op^tor (audible or visible) if the 
seised tenq>erature is above a safe value given the most volatile solv«it con^xmrat 
present, but widi no inhibition of operation. 

Alternatively an interiock may be provided, sudi diat if a warning signal is g^aerated the 
power may be prevented from reaching the rotor drive motor until the sensed temperature 
drops bdow the safe value. 

The mediod may include die step of force-cooling die diamber in the evrat that a warning 
signal is generated, whether the drive motor power is inh9>ited or not. Thus a fan or 
diermo-electric cooling element may be operated or die chamber may be associated widi a 
cooling coU connected to a refrigeration unit, which is ciused to operate if a warning 
signal is generated. 
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Preferably a data cntiy is provided and tbe metbod involves tbe entering of data by an 
operator, thereby to key in the solvents or mixtores of solvents in nse, which are then 
conqiared with a lookrop table defining safe tempera&ires for differ^it solvents or solvent 
mixures, so as to identify tte safe temperature at which evaaiation can begin for any given 
solvent or mixture theieol 

In addition to the safe t^qjeratures, the look-up table may store specific ran^ rates for 
specific solvents or solvent mixtures, and the method involves the iiHliicarinTi of the 
particular ramp-rate for the given solvents). 

The rotor drive may be started automatically as soon as the safe tenqierature is reached, 
but alternatively, as a safety feature, automatic start-19 may be prevesited if a warning 
signal has been generated, and logfc may be provided to generate a second, different, 
warning signal once the sensed temp«amre has dropped to a "safe" vahie, to advise an 
opoator Oat it is now safe to start the c»triiuge. 

In addition a rotor speed sensing device and a secoid mt^lodc may be provided, and the 
m^hod inchides the step of generating a rotor speed signal wlK>se value depends on the 
rotor q>eed, and the interlodc saves to prevent die centrifuge control system from 
reducing the diamber pressure bdow the start pressure unless and until the rotor speed has 
achieved die speed required to achieve a particular g force, ^ically 450 g. 

Where forced cooling and automatic start-iq> is provided, the Invention allows a pre-used 
and still hot ceotrifuge to become active once again in mmimnm tune, whilst guaranteeing 
that no temping will occur during pressure ramping. 

The invention also hes in s^paratus for ceotrifugally evaporating samples comprising 
solvent mixtures in a tanperature controlled vacuum chamber in which means is provided 
for reducing the cfaambor pressure below atmospheric in a controlled manner, means is 
provided to sense tenq^mture widiin the chamber, and data storage means is provided for 



storing data relating to at least the safe start temperature of at least the more volatile 
solvent presrat in the sample or samples in the chamber, and conqmter based control 
means is provided to vAush signals relating to at least the sensed traopoature are siq>plied 
and by vAnch signals are ^neraied to control operation of the apparatus whidi is also 
ad^ted to generate a warning signal if the sensed traiperature is greats than tibe safe start 
tempmtuie stored in the data storage means for die more volatile solvent present. 

The s^paratus may also include interlock means by which power to the rotor drive is 
inhibited until the s»sed temp^ature drops below the safe start temperature value 
provided frcMtn the data storage means. 

The data storage means may be adapted to store the safe start temperature for eadi of a 
plurality of different volatile solvoits (or solvent mixtures) and means may be provided for 
selecting the appropriate solvent firom a list of options^ so as to provide an appropriate safe 
start temperature value for detsmining if tiie sensed temperature is above or below a safe 
temperature at which the rotor can be spun and the v^nium ramping can be begun. 

The apparatus may include means by which data relating to additional volatile solvents and 
their safe start tenq>eratures may be watered. 

The apparatus may include data ^itry means by which the various solvents known to be 
present in any batch of san^>les can be &aexed and logic is provided for determining the 
lowest safe start temperature from die data stored in the apparatus, given tbe solvents 
indicated as being presenL 

The apparatus may include a further intedock which prevents the power from 
automatically being supplied to the rotor drive if and when the sensed tenq)erature is equal 
to or l^ow the safe temperature, but instead causes a second warning signal to be 
generated to advise an op^tor that the apparatus is now safe to starts so fliat tihte suiq>ly of 
power to die rotor is under die control of die operator. 



Means for srasing tte cbamber pressure and rotor speed may also be provided, and the 
control means is ad^ited to inhibit pressure reduction of the chamber tmless flie rotor 
speed is at least equal to a particular stored value. 

Tte data storage means may also inchide provision to store other data relevant to the 
diffarait solvents/solvent mixtures such as the ramp rate for die reduction of pressure in 
the chamber. 

Heating and/or cooling means may be provided, which may be activated during tt^ ramp 
^wniHocess amiyor before operation of die nrtor drive, to adjust the thermal conditions in 
die chamber as appropriate and data may be stored in relation to different solvents or 
solvent mixtures to liable logic to detemune if and when op»ation of the heating and/or 
cooling means is required. 

The inftedocks and logic may be performed in software stored in a memory or firmware or 
a c ombin a t i o n of both. Data may be stiored in a re-writable monory. Basic c^erational 
software may be stored in tlie same or a sc^iarate memory for controlling the opoation of 
the ccmqniter based ccmtrol system which saves to provide control signals, warning 
signals, and to receive and decode teo^erature and speed and pressure signals from 
appropriate sooisors associated with die chamba and rotor and/or samples. 

If sample temperaturo can be monitored direcdy or indirectly, th«i a signal indicative of 
sample temp^ature may be »iq)loyed as the sensed tenq)erature. Alternatively a signal 
relating to the diamber ten^erature may be employed as the smsed temperature. 
Therefore, references to chamber tenq^erature herein are to be understood to include 
san^le temperature. 

Typically die stan tmipanture for typical volatile solva[its is in the region of ISX^. 

The invootion will now be described by way of sample widi reference to die 
acconqianyuag drawings in which: 
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Fig 1 is a diagrammatic side elevation of an evaporating centrifuge. 

Fig 2 is a sdiematic diagram stowing how tiie centrifuge is controlled, and 

Fig 3 is a logic sdiematic showing how the centrifuge is controlled at different points in an 
evaporation procedure and before the latter can start. 

Fig 1 shows an evaporaliiig centrifuge the inqiortant parts of which are the outer casing 10, 
and a chamber 12 widiin die casing which is scalable by a lid 14. A seal 16 ensures that air 
cannot ootter or leave die chamb^ when the Ud is closed. 

Within the chamber 12 is rotatably mounted a rotor 18 drive for which is provided by an 
electric mc^r 20. The rotor carries a number of sample tubes, one of which is denoted by 
22, which ad<^t a horizontal attitude when tlie rotor spins, but when stationary pivot into 
an approximately vertical position. Rotation creates a g force on tihe tubes and their 
contrats, and by mounting the tubes so that tiaeir closed ends are outermost when flie rotor 
spins, the g force acting on the liquid cont^its of the tubes retains the liquid in die tubes 
near the closed ends thereof. 

A tacho 24 provides a speed signal to a computer based control system 26 via an 
appropriate conoecdon 28 and a tenqpraature seosor 30 provides a temperature signal along 
a connection 32, also to die control system 26. 

Power to the motor 20 is controlled by the control system which controls the opening and 
closing of a circuit breaker 34 to control the siq>ply of operating curroot to the motor frcwn 
a power supply 36 via leads 38. 

A heater 40 is provided for heating die chamber and flierefore die sample tubes and their 
contenls and power is supplied to die heater along leads 42. Current flow to the heater 



fiom a power suppfy 44 is controlled by a ciicuit bieaker 46. in turn contiolled by 
coittrol system 26. 



Depffldii^ on tbe oatuie of tbe heater 40 and temperature sensor 30 thennaUy conductive 
windows nmy be provided in tiie waU of the chamber for die heater and the se^ 

The control system mctades a data entry keyboard 48, a pn)cessor 50, numiory 52. data 
carrier leceptor 54 such as for exanq,le a floppy disc port, CD-reader or port into wfaidi a 

soM state nMsnwry device can be plugged. A VDU scre^ 56 aUows data and/or stanis t^ 
be displayed to an operator such as indications of operating status, speed, tempeiatuie, 
vacnum pressoie (within the chamber), evaqwration program (if different piograms axe 
available), time to end of cuiiem program. solveiit(s) in the sample tubes in the cunent 

program Cm accordance with what has been entered by the o^^ 
any fiuilt <a hazard conditions and die like. 

A suitable interto 58 is provided to digitising the signals ftom die sensors 
to provide a measure of ciiamber {aessure a pressure sensw such as 60 is piovided and 
pressure signals are supplied via a connection 62. The signals from the sensors are 
ihCT^re siqiplied to the contiol system bus via the mt^^rfiK-f 58. 

A basic software operating system is loaded into die memory 52 to control die operation of 

ihepiocessor50andlhetransferof data to and from die bus ma conv«ttional manner. A 
different part of the monory serves to store semi-permanent data in die form of a look-up 
table to allow an ^propriate program to be selected from memory dq)ending on die data 
input into die system by die operator via die keyboard 48 such as what solvent(s) is/are 
present. 

When die control system has been s^ropriately programmed, die sanqiles loaded and die 
lid dosed on die diambar an evaporation process is initiated by keying in appn^riate 
instructions using die keyboard or if provided, by pressing a start button 64. 



